ABSTRACT
INTRODUCTION
Parkinson's disease (PD) is classically characterised by rigidity, tremor, bradykinesia, and postural instability [1] . However, non-motor symptoms such as fatigue, autonomic dysfunctions, impaired mood and cognition increase the risk of frequent fallings, social isolation and decreased quality of life [2] . Although the relevance of traditional physical therapy (PT) has been recognized to alleviate PD symptoms and improve quality of life, there are no clear guidelines or practical uniform recommendations that support this treatment. Furthermore, some patients have limited access to physical therapy facilities, lowering the motivation to maintain prescribed exercise programs. Virtual games (VG) such as Nintendo Wii have some advantages over PT. The games are less expensive and portable. In addition, they reproduce wellknown sports and may help to develop motor and cognitive skills.
The efficacy of virtual rehabilitation in functional performance of patients with poststroke paresis, spinal cord injury, and cerebral palsy has been widely demonstrated [3, 4] . The use of VG in poststroke patients has demonstrated improvements in active and passive movements, as indicated by the Wolf Motor Function Test and Fugl-Meyer Assessment scores [5] . However, despite several case reports showing motor improvements in PD patients after exercising with VG, no clear evidence has been presented so far to show whether these exercises are beneficial to improve quality of life in PD patients.
The objective of this trial was to evaluate the effects of Nintendo Wii training in quality of life of PD patients, when compared to traditional PT.
METHODS

Study Design
This study was a randomized, single-blinded trial with parallel groups and pretest/posttest assessments.
Ethical Approval, Consent, and Registration
Informed consent forms, patients information, study protocol, questionnaires and exercises procedures were approved by the Ethics Committee at Federal University of Bahia. The Helsinki declaration was followed in every procedure, and this study was registered at clinicaltrials.gov (NCT01120392).
Study Participants and Recruitment
Subjects with diagnosis of PD by a certified neurologist according to the United Kingdom Brain Bank Criteria with mild to moderate motor impairment (stages 1 -3 on Hoehn and Yahr scale), aged between 45 and 80 years, were invited to participate in the study. Patients who fulfilled the inclusion criteria were enrolled from July to October 2011 in an referral center of Movement Disorders at Federal University of Bahia, North-eastern, Brazil. Exclusion criteria were dementia, uncontrolled hypertension, heart disease, psychiatric disorders, and illnesses that prevented exercise understanding and performance.
Study Procedures
Before performing trial procedures, subjects were instructed to: 1) mobilise their trunks and execute flexion, extension and rotation movements; 2) stretch their upper and lower limbs and maintain each sequence for 60 s over a 10-minute period. This warm up was followed by a 40-minute physical therapy program that consisted of PT or Nintendo Wii ® VG. The traditional exercises addressed trunk and limb mobilisation, balance, muscle strengthening, rhythmic movement, postural alignment, double-task execution, bimanual tasks, and cardiorespiratory and gait training. The Nintendo Wii ® VG and exercises are listed in Figure 1 according to their objectives. During the Nintendo Wii ® game sessions, the pa- tients paused for 1 minute before changing games. The first week was used to familiarise the patients with the exercises and games. The exercises in both groups were performed 3 times weekly for 1 month (12 sessions). The virtual rehabilitation exercises were conducted in a 20 m 2 room that was equipped with a Nintendo Wii ® , and a projector hanging from the ceiling. The image was projected onto the wall at a height of 160 cm to stimulate an erect posture during the exercises. Nintendo Wii is a home videogame with several exercises that allow training on strength, balance and aerobics. Also, players are stimulated to defeat their adversaries in specific trainings like boxing, and can track their progress over time, enhancing adhesion and concentration in their physical activity.
An occupational therapist who had specific training for this purpose and who was blinded to the other parts of the research applied the Unified Parkinson's Disease Rating Scale (UPDRS) and the 39-item PD quality of life scale (PDQ-39) validated to Brazilian Portuguese [6] . Assessments were performed either at baseline and 4 weeks after the intervention. The evaluations and interventions were performed 1 hour after administering levodopa, during the "on" period.
Randomisation
Patients were assigned to either the Nintendo Wii ® group or the PT group based on computerised randomisation.
Statistical Analysis
An independent and blinded statistician performed the statistical analysis with SPSS version 17.0. To compare groups, the Pearson χ 2 test or Fisher test of frequencies and the Mann-Whitney U test for quantitative data were used. The Wilcoxon signed rank test was used for withingroup before and after treatment comparisons. Results were considered positive if an improvement of 10% or more on the scale used was achieved. Data were considered significant at P < 0.05.
RESULTS
A total of 71 subjects were recruited and 44 that fulfilled the eligibility criteria were randomized to traditional PT or Nintendo Wii, with the same number of patients in each arm (Figure 1) . Baseline characteristics of the population studied showed no significant differences in age, gender, disease duration, and disease stage between groups ( Table 1 ). The UPDRS scores ranged from 14 to 71, and the Hoehn and Yahr varied from 1 to 2.5.
At baseline, the PDQ-39 scores showed impaired quality of life for all PD patients. After the intervention, all patients submitted to Nintendo Wii training showed an improvement of more than 10% in their total quality of life scores (P < 0.05) (data not shown). When analyzing specific domains of PDQ-39, subjects in Nintendo Wii group showed significant improvement in social support, communication, ability to deal with stigma and perform daily living activities ( Table 2 ). No differences in the outcomes analyzed were observed in the group submitted to traditional PT.
DISCUSSION
The results of this trial suggest that rehabilitation of PD patients exhibit several factors that can negatively influence their quality of life, such as functional limitations, low self-esteem, social restriction, reduction of leisure time, and functional dependency [7] . In this trial, we observed that the utilisation of physical therapy strategies based on Nintendo Wii virtual games improved almost all of the test-related elements in most patients.
Virtual reality promoted by Nintendo Wii games simulates a real environment with visual, auditory, and perceptual feedback that positively influences motor learning and quality of movements, particularly in PD patients. Two recently published articles found that the use of virtual reality goggles resulted in greater task improvements, completion time and gait performance when compared to patients exercising without the goggles [8, 9] .
Cognition is another important factor in motor learning, development, and quality of life. An improvement in cognitive functions, as demonstrated by the PDQ-39 specific domain, was observed in this study. Virtual games also contain cognitive tasks related to attention and executive functions, which are also affected in PD patients [10] .
A high degree of participant interactivity and satisfaction was observed during Nintendo Wii games execution. As we observed, patient motivation for task execution is an important factor for motor, cognitive, and learning performance. This motivation may have led to a greater adherence to the treatment when compared with studies of physical therapy without virtual reality [3] .
To our knowledge, this is the first study that demonstrates the effects Nintendo Wii virtual games on the quality of life in PD patients.
LIMITATIONS
This study had several limitations. The main limitation of this study was the impossibility to blind patients to the procedure performed. As a consequence, some patients randomly assigned to the traditional physical therapy group have demonstrated their frustration. To overcome this problem, before entering the study, all patients were informed that they could migrate to their exercise of choice after 1 month in any group. All patients (except for 4) in the traditional PT group have migrated to Nintendo Wii group, and the degree of adherence has been high thus far. In this way, the results point the possibility of new rehabilitation strategies that can highly improve quality of life in PD patients.
CONCLUSION
This trial suggests that rehabilitation using Nintendo Wii ® is superior to traditional PT to improve quality of life in PD patients.
AKNOWLEDGEMENTS
This study was supported by the Brazilian National Institutes of Science and Technology (CITECS-MCT-CNPq).
